Abstract
investigations, the technology was applied for sequencing sets of synthetic transcripts as well as 23 a yeast transcriptome. However, despite initial efforts it remains crucial to further investigate 24 characteristics of ONT native RNA sequencing when applied to much more complex 25 transcriptomes. Here we thus undertook extensive native RNA sequencing of polyA+ RNA from 26 two human cell lines, and thereby analysed ~5.2 million aligned native RNA reads which 27 consisted of a total of ~4.6 billion bases. To enable informative comparisons, we also performed 28 relevant ONT direct cDNA-and Illumina-sequencing. We find that while native RNA sequencing 29 does enable some of the anticipated advantages, key unexpected aspects hamper its 30 performance, most notably the quite frequent inability to obtain full-length transcripts from single 31 reads, as well as difficulties to unambiguously infer their true transcript of origin. While 32 characterising issues that need to be addressed when investigating more complex 33 Introduction 36 The extent and observed complexity of cellular mRNA splicing patterns appear to have 37 generally expanded during the course of evolution 1 , and in more advanced species, several 38 subtly different mRNA transcript isoforms are likely to exist for most genes 2-4 . Within a 39 biological organism, the observed pattern of mRNA splicing for a given gene also frequently 40 varies between tissues and cell types, and can even respond to external cues or changes to the 41 environment 5 . Thus, the ability to readily perform transcript-level functional investigations will 42 almost certainly enrich our understanding of a number of important biological processes. To 43 enable this to be accomplished in a reliable manner, methods that can unequivocally distinguish 44 and quantify the presence of transcript isoforms from the raw sequence reads are required. technologies' needs for DNA-mediated amplification and computational transcript assembly from 50 short sequence reads 13, 14 . Notably, the newer long-read Oxford Nanopore Technologies (ONT) 51 platform now also provides the ability to sequence native RNA strands directly 15 . In their study, 52 ONT described the efficient use of native RNA sequencing to yield reliable abundance 53 estimates of full-length transcripts from a yeast polyA+ transcriptome as well as sets of 54 standardized synthetic transcripts. However, larger transcriptome sizes, and in particular the 55 much higher complexity of splicing patterns that can be observed in higher organisms, might 56 potentially pose additional challenges during such transcript-level investigations. The yield from the different ONT protocols varied between approximately 500,000 and 113 1,500,000 unfiltered reads per sample ( Supplementary Fig. 1A ), and the read length 114 distributions were overall similar among the libraries, with a peak close to 1,000 bases 115 ( Supplementary Fig. 1B ). Supplementary Fig. 3 ). Approximately 40% of the reads with a primary genome alignment could be mapped to multiple 157 places in the genome, i.e., had also at least one reported secondary genome alignment ( Fig. 9 ). Removing the non-aligned bases before running Salmon did not 305 improve the correlations notably ( Supplementary Fig. 9 ). Since this is a more involved 306 procedure, and further introduces a dependency on the genome alignments, we use the Salmon 307 quantifications obtained using the original, non-truncated reads for the rest of the analyses. We observed a large difference between the numbers of reads that were assigned to features 319 by the different quantification methods (Supplementary Fig. 10 ). The highest assignment rates 320 were consistently obtained with salmonminimap2, where all reads that were aligned to the 321 transcriptome were also subsequently assigned to features. featureCounts assigned a slightly 322 lower fraction of the reads to genes, while Salmon in quasi-mapping mode and Wub assigned 323 considerably fewer reads. However, the relatively low number of reads assigned by Salmon in 324 quasi-mapping mode were distributed across as many, sometimes more, genes and transcripts 325 as the reads assigned by salmonminimap2 (Fig. 5A-B) , suggesting that no category of genes or 326 transcripts was consistently missed. In general, the transcript-level detection rate increased with 327 transcript length, both for ONT and Illumina libraries (Fig. 5C ). Counting the number of data set, and subsequently sampling from this pool ( Supplementary Fig. 11 ). On the transcript 340 level, pooling the samples improved the degree of saturation for a given number of reads, while 341 no improvement could be seen on the gene level. for the ONT and Illumina libraries (Fig. 6C-D In addition to the reference-based transcript identification and quantification discussed above, 400 we generated a set of high-confidence consensus transcripts for each ONT data set using Comparing the set of annotated reference transcripts that could be identified by at least one 437 FLAIR transcript (class code '=' or 'c') in the respective ONT data sets showed that a large 438 fraction of these transcripts were only identified in a single data set (Fig. 8A) . In addition, 
